Mechanization in agriculture can be divided into four stages. In the first stage, there is no mechanization. Man acts as the source of power. His hands are his tools. In the second stage, man continues to be the power source but begins to use tools instead of bare hands to perform the operations. This is the beginning of mechanization. The third stage is where animals, and later machinery, replace man as the source of power. Man retains only the logistical functions of guiding and controlling. The fourth stage of mechanization is where even the logistical functions are given over to say, intelligent machines.
Thus, if
Tm =time of mechanical labour used in farming Tman = time of manual labour used, and Tn = time of labour with use of manual tools, then the percentage or extent of mechanization (EM) can be expressed as:
In countries like the US, West Germany and Japan, Tman is very small. The extent of mechanization is fairly high. These countries have phased out animal draft power. The US took nearly 60 years , Japan and West Germany about 30 years to do so. In India, tractors first appeared in the late 1940s. The extent of mechanization is still low after 40 years. Even this low level of mechanization is unevenly spread over the country. In most parts, the dominant draft power is still from animals. The process of transition, however, is gaining momentum. The annual sale of tractors which averaged 44,000 between 1975-1980, increased to 73,000 between 1980-1985, and to over 80,000 in the last three years. Along with the tractors, many other machines are also gaining acceptance.
Overlapping Phases
The change from one stage of mechanization to another proceeds in overlapping phases. At any time one can see all stages-a mix of operations some done entirely manually, others with manual tools and yet others that are entirely mechanized including their regulation and control. The operations that require large amounts of power tend to get mechanized first. Those that need sophisticated control follow later. The factors that influence the pace of change are:
• awareness of farmers • the economic usefulness of machines • ability of the industry to supply and service the needed equipment • the vigour of the R & D institutions to provide proper designs • the support made available by financial institutions for purchase and for industrial production.
In each of these areas, the development of infrastructure has been progressing in India. Tractors are now produced indigenously by 15 manufacturers. Credit is available to farmers, equipment manufacturers, dealers, distributors, and R & D projects (Chakravarty 1986 ).
The rate of mechanization of Indian farming will necessarily be slower than in the US or Japan. It is a policy variable of considerable significance to India. Even so, given the urgent need to increase agricultural production, it is important to ensure that investments in agricultural machinery and equipment as are being made are properly used.
Skill Building
Training is the basis on which the rest of the infrastructure operates. The need for training and the difficulties involved have been emphasized by Mackson (1973) :
"Training of traditional hand cultivators of soil in developing countries to become equipment operators is not an easy task. Learning to perform very simple daily and weekly maintenance processes is difficult and tedious for farmers who have never been exposed to mechanical equipment. Machines of all types from the simplest to the most -complicated must be properly maintained, adjusted and operated. Mechanical power units and associated equipment are capital intensive inputs. The economic feasibility of the equipment depends greatly on the skill, and competency displayed by the operator. A skilled competent operator does not result from a brief explanation of controls, a little practice and referral to the operators' manual. At best such an approach to training will only produce a 'driver' but not a-responsible operator.
The training for farm mechanization thus involves skill building. It is distinct from other training that involves only the transfer of information such as the use of better seeds, fertilizer and chemicals. Assessment of the total need and capacity of the existing facilities for training has to be made in this context.
Magnitude of Training Need
Nearly seven lakh tractors are estimated to be working on farms in India. The sales in the past few years have been about 80,000 units a year. This annual demand is generated by two sets of customers-those who want to replace their old tractors and those who are first-time buyers. Both types require training, but the kind of training they require would be different. Those who are buying to replace their old machines can be expected to have acquired by experience, if not by formal training, the basic knowledge needed for operation and maintenance of tractor and related equipment. They may need refreshers as new developments occur in mechanization, and equipment with more sophisticated controls becomes available. Those who are entering the market to acquire tractors and other machinery for the first time would require training on proper selection, basic operation and maintenance.
In assessing the training need, it will be necessary to determine the proportion of people buying tractors for the first time. Assuming the average working life of a tractor to be 12 years, replacement purchases can be estimated to be, on an average, between 50,000 and 60,000 tractors. This will put the estimate of first-time buyers at approximately 25,000 each year. Thus, the candidates for training would be about 50,000 for the refreshers and 25,000 for the basic skill courses. The proportion of first-time buyers will be less in developed areas such as Punjab, Haryana, and Western Uttar Pradesh than in areas where mechanization is not so well developed such as in the eastern zone of Uttar Pradesh. Correspondingly, the need for
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Vikalpa refresher training will be higher in Punjab, Haryana and western Uttar Pradesh and lower in areas such as eastern Uttar Pradesh. Are the present training facilities adequate to meet the estimated need?
Training Infrastructure
Realizing the importance of farmers' training early, the Government of India (GOI) Up to 1966, two courses of ten months and six months duration were organized each year. The courses were reviewed in the third Five Year Plan in view of the increasing demand for training in specialized fields. Four new courses labelled A, B, C & D, ranging from three weeks to three months were introduced from 1967. Course 'A' is meant primarily for working farmers, 'B' for operators of specialized and heavy machinery such as dozers etc., 'C' for mechanics, and 'D' for the undergraduate agricultural engineers. In view of the establishment of agro industries corporations in the States, a scheme for Agro Service Centres for the unemployed technical personnel was introduced and an additional course of three months (E-series) was added in 1971 in collaboration with the state agro industries corporations. This course (E-series) was discontinued from 1979-80 as the whole scheme was transferred to the state governments. A programme of training candidates under TRYSEM (Training Rural Youth for Self Employment) was started in 1980-81. Another course, labelled F, was introduced in 1983-84 during the Sixth Five Year Plan to train trainers who in turn could organize training in various states.
Advantage of Systematic Training
Course 'A' titled "Agriculture Machinery Utilization" is a three-month course. It is meant for owners and operators of tractors, progressive farmers desirous of mechanized farming, nominees of state farms, cooperatives and other organizations. The course, run three times a year in the three FMTTIs, includes modules on farm power, maintenance and repair of tractors, farm implements-both power and animaldriven, plant protection equipment, irrigation machinery and crop husbandry. Practicals and field operations are a part of this course. The combined annual intake in course 'A' at the three FMTTIs is 945.
A recent study has found that this course of FMTTI is quite effective (Sharan et al 1987) . As can be seen from Table 1 on some measures of effectiveness of this course, those who took this course reported better average tyre, battery and engine life than those who did not have any systematic training. The trainees also reported fewer serious accidents on the farm. Vol. 13, No. 2, April-June 1988(FTCs) run by the departments of agriculture of various states and tractor manufacturers. Table 2 shows an illustrative list of courses on farm machinery utilization offered by various institutions.
Agricultural universities are a major group training farmers. There are now 20 agricultural universities in the country. Almost every state has one or more. Many of these also have agricultural engineering departments. The agricultural universities run programmes for the farmers as part of their extension activity. Some of their courses deal with farm machinery utilization. Table 2 lists the four courses on farm machinery offered to farmers at the Haryana Agricultural University. The total turnover from the four courses at HAU is 300 a year. Taking HAU as a representative example, the number of farmers trained each year through agricultural universities would be about 6,000.
The duration of the courses at agricultural universities is much shorter than that of course 'A' at the FMTTIs. Their content is accordingly less comprehensive. But the infrastructure and the quality of trainers at agricultural universities is good. Besides, they can be improved further easily. The combined capacity of the FMTTIs and the agricultural universities would be 7,000 approximately, which is still far below the estimated requirement of 25,000. Farmers' Training Centres. Next come the FTCs of the state governments. Each of the 17 FTCs in Gujarat handles about 250 farmers a year in a five-day programme. Their combined annual turnover would be about 4,000. The annual turnover of the 19 FTCs in Andhra Pradesh would be of the same order. Karnataka, with greater facilities, has a higher turnover. Clearly, so far as the nominal capacity goes, the ability of the FTCs is large. But their programmes do not meet the skill-oriented training needs of farmers taking up mechanization for the first time. The content of their programmes relates only marginally, if at all, to farm machinery. Besides, the FTCs do not have the trained manpower to design and run skill building courses.
Manufacturers' Training. Some of the tractor manufacturers have also developed training facilities. The infrastructure for training in Escorts, Tractors and Farm Equipment Ltd. (TAPE), and Eicher is good. Their interface with farmers is rather limited. Their programmes, however, have a specific product oriented focus. They are meant primarily for dealers, sales personnel and repairmen. Their training methods and materials can be usefully adopted by other institutions engaged in training farmers.
Summing Up
The need for skill-oriented farmers' training is broadly estimated to be about 25,000 presently and is likely to grow. The need for refresher training is also likely to grow as more sophisticated machinery becomes available. Major institutions involved in training farmers are FMTTIs, AUs and FTCs. Each of these agencies has its own strengths. The FMTTIs have the greatest experience. Their Course 'A' meant for farmers is quite effective. But their total capacity is too small to cope with the large need. If the machinery-related courses of AUs are counted, the capacity increases significantly, though still only to about one-fourth of the requirement. The courses offered by the AUs appear fairly good in content, and can be improved further if they can develop a working arrangement with the FMTTIs. The handling capacity of the FTCs cannot be counted as they do not fit the bill for skill-oriented training. What can be done to bridge the gap?
Bridging the Gap
To bridge the gap more FMTTIs can be established. This would take a long time. In the near future, and for the long-term, it would be advantageous to create links between the FMTTIs, the AUs and selected FTCs, to bring the training capacity to the desired level. In addition to increasing the capacity, the quality of courses and the facilities can be upgraded through interinstitutional collaboration.
The Machinery Division of the Government of India can initiate the building of linkages among the agencies. The effort may be divided into two phases. In the first phase, the FMTTIs and the AUs could pool their experiences and develop a package of courses. More farmers can be trained if the duration of the courses can be made shorter by improving the teaching techniques and a better division of labour between the two. Written and audio-visual materials could be developed by the FMTTIs in various languages with the help of AUs. The AUs can mount a larger number of shorterduration courses in a year and share a part of the training with the FMTTIs.
Vikalpa
The goodwill that the FMTTIs have created with the industry can be used to finance the upgrading of infrastructure. Some of the training methods, manuals and techniques developed by a few of the manufacturers can be usefully incorporated into the existing or new courses. It may help shorten the duration of Course 'A' and make the learning more effective.
In the second phase, the central and state governments may upgrade selected FTCs. The agricultural universities could act as the resource agencies for this purpose. As the FMTTIs share the task of basic training effectively with the AUs and selected state FTCs, the FMTTIs could devote part of their time to advanced refresher courses. They could develop audio-visual materials. The FMTTIs and the industry could design and sell mechanical educational toy gadgets related to farming. Such educational toys as are now available in the market have an urban bias. There could be toy models of items such as tractors, combines, threshers, windmills, solar collectors, biogas digesters, and reapers. When such toys reach rural children, they would help mould the general outlook towards mechanized "farming.
Conclusions
Skill training will help individual farmers reduce the cost of repair and operation. It will create equipment demand for the industry by making farmers more receptive and by enabling farmers to derive full economic benefits from their equipment. For the nation, training can reduce wasteful use of fuels, and help energy conservation.
The training in machinery use is a skill building task. Unlike information transfer programmes, it requires proper infrastructure, trained personnel and hands-on experience. The magnitude of the training needed, appears too large to be undertaken by the FMTTIs alone. But the feasibility of meeting the need exists if effective collaborative arrangements among FMTTIs, the agricultural universities and state departments can be developed. The objective of such collaboration would have to be twofoldincreasing the training capacity and improving quality of courses. The initiative to bring about such collaboration can perhaps be taken by the Machinery Division of the Ministry of Agriculture, the Government of India. It could enlist the support of the industry which is an indirect beneficiary of such a training effort. The industry can also be a resource for good training materials and techniques.
